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The invention relates to a device for near field optical recording, information 
being represented by marks in a track on a record carrier, the device comprising a head 
including a lens to be positioned by a lens actuator at a near field distance from a surface of 
the record carrier for generating a scanning spot on the track. 

The invention further relates to a pull-in method for bringing a lens from a 
remote distance to a near field distance from a surface of a record carrier for use in near field 
optical recording, information being represented by marks in a track on the record carrier to 
be scanned via a head including the lens. 



10 

An air gap servo for near-field optical recording is known from the document 
"Gap Servo System for a Biaxial Device Using an Optical Gap Signal in a Near Field 
Readout System," by T. Ishimoto, K. Saito, T. Kondo, A. Nakaoki and M. Yamamoto, 
published at ISOM/ODS 2002 (further referred to as doc[l]). Doc[l] describes a readout 

15 method using a near field optical head and an optical record carrier, which head consists of 
an aspherical lens and a Solid Immersion lens (SIL). In the system it is necessary to maintain 
an air gap between the SIL bottom surface and the disc surface constantly in a near field 
position where an evanescent wave is detectable. An air gap servo system controls a head 
actuator system to maintain the required position of the head. A specific starting servo system 

20 is proposed for bringing the head near the surface from a remote starting position, a so-called 
pull-in procedure. The pull-in procedure is completed by a switch over to the air gap servo 
loop when the head moves into a near field position. It is to be noted that the required air gap 
is in the order of 50 nm or less. Hence, during the pull-in procedure overshoot may pose a 
severe problem, eventually resulting in a head-disc crash if the head comes into contact with 

25 the disc surface. 

The described starting servo system provides a ramp control signal to the head 
actuator in order to make the head approach the disc at a constant speed. An air gap error 
signal is generated to detect the distance between the SIL and the disc surface. However, the 
air gap error signal is only available in a near field region of approximately 50 nm. Due to the 



PHNL040453EPP 



10 



2 30.08.2004 
late appearance of the air gap error signal and in view of the problem of overshoot the 
maximum ramp speed is limited, and the pull-in procedure is slow. 



Therefore it is an object of the invention to provide an air gap servo system 
and pull-in method for optical recording that is fast and has a low risk for a head-disc crash. 

According to a first aspect of the invention the object is achieved with a device 
as defined in the opening paragraph, which device comprises an air gap controller for 
controlling an air gap between the lens and the surface, which air gap controller has an 
approach mode for bringing the lens from a remote distance to the near field distance by 
providing an increasing periodical excitation signal to the lens actuator for generating a 
sequence of approach instants at which the lens approaches the surface, the lens at the 
approach instants having substantially zero velocity in a direction perpendicular to the 
surface, and the sequence of approach instants bringing the lens subsequently closer to the 
1 5 surface, and switching the air gap controller to a closed loop mode when the lens is within the 
near field distance at one of the approach instants. 

According to a second aspect of the invention the object is achieved with a 
method as defined in the opening paragraph which pull-in method comprises providing an 
increasing periodical excitation to a lens actuator for generating a sequence of approach 
instants at which the lens approaches the surface, the lens at the approach instants having 
substantially zero velocity in a direction perpendicular to the surface, and the sequence of 
approach instants bringing the lens subsequently closer to the surface, detecting when the 
lens is within the near field distance at one of the approach instants, and subsequently 
switching an air gap servo system to a closed loop mode. 

Due to the substantially zero velocity of the lens at the sequence of approach 
instants the risk of a head disc crash is low, as substantially no overshoot will occur. Due to 
the periodical nature the movement of the lens is controllable in a fast way. Hence the 
measures have the effect of speedily bringing the lens to the target near field distance. This 
has the advantage that the start-up time before a user can start reading or recording on the 
30 record carrier is decreased. 

The invention is also based on the following recognition. The inventors have 
seen that the problem of overshoot can be substantially eliminated by generating the 
approach instants at which the velocity is substantially zero. This is achieved by the 
increasing periodical excitation. Surprisingly the total time for the pull-in procedure is 



20 
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reduced when compared to a ramp based open-loop approach operation. In particular a 
sinusoidal excitation for the approach control guarantees a substantially zero velocity when 
the air-gap servo system starts its closed-loop operation at the switching instant. 

In an embodiment of the device the air gap controller comprises a reference 
5 generator for, in a hand-over mode, providing a reference near field distance changing from a 
first target near field distance to a second, lower target near field distance via a transfer 
function. Furthermore, the reference generator is for providing reference values to a 
controller unit based on a two degree of freedom control technique in said hand-over mode. 
Advantageously, the two degree-of-freedom control technique for the hand-over control 
10 relaxes the design constraints between the overshoot and the settling time. 

Further preferred embodiments of the device and method according to the 
invention are given in the appended claims, disclosure of which is incorporated herein by 
reference. 



15 

These and other aspects of the invention will be apparent from and elucidated 
further with reference to the embodiments described by way of example in the following 
description and with reference to the accompanying drawings, in which 

Figure 1 shows an optical recording device having an air gap servo, 
20 Figure 2 shows a schematic diagram of elements in a head for near field 

optical recording, 

Figure 3 shows calculated reflection curves of the gap error signal, 
Figure 4 shows a prior art approach method by ramp voltage, 
Figure 5 shows a pull-in response of the prior art, 
25 Figure 6 shows an air gap servo system having mode-switch control, 

Figure 7 shows an approach method according to the invention, 
Figure 8 shows a reference generator, 
Figure 9 shows reference trajectories, 

Figure 10 shows a diagram of a hand-over controller based on two degree-of- 

30 freedom control, 

Figure 11 shows simulated pull-in responses for various reference trajectories 

with different settling times, 

Figure 12 shows a schematic diagram of the final air-gap control, 
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Figure 13 shows the measurement result of the transient responses from the 
proposed pull-in procedure, 

Figure 14 shows a measurement of transient responses in closed-loop 
operation of the servo, and 

Figure 15 shows various embodiments of an increasing periodical excitation 

signal. 

In the Figures, elements which correspond to elements already described have the same 
reference numerals. 



An optical recording system using a near field optical head, which consists of 
an aspherical lens and a Solid Immersion Lens (SIL), has been proposed as a technology to 
read out 50 Gbyte or more on a 12 cm optical disc. In this system, it is essential to maintain 
an air gap between the SIL bottom surface and the disc constantly in a near field position 
where me evanescent wave is detectable. Thereto an air gap servo system is required 

Figure 1 shows an optical recording device having an air gap servo. The 
device is for optically reading and/or recording data on a record carrier 1 1 via a near field 
optical system. The near field optical system is known as such, inter alia from doc[l] and 
from K. Saito, et. al, "Readout Method for Read Only Memory Signal and Air Gap Control 
Signal in aNear Field Optical Disc System," Jpn. J. Appl. Phys. Vol. 41 (2002), pp.1898- 
1902 (further referred to as doc[2]). The disc-shaped record carrier 1 1 has a track 9 arranged 
as a spiral or annular pattern of turns constituting substantially parallel tracks on an 
information layer. The track on a recordable type of record carrier may be indicated by a pre- 
embossed track structure provided during manufecture of the blank record carrier, for 
example a pregroove. A track structure may also be formed by regularly spread marks which 
periodically cause servo signals to occur. Recorded information is represented on the 
information layer by optically detectable marks recorded along the track. The marks are 
constituted by variations of a physical parameter and thereby have different optical properties 
than their surroundings, e.g. variations in reflection obtained when recording in materials 
such as dye, alloy or phase change material, or variations in direction of polarization obtained 
when recording in magneto-optical material. The record carrier may be intended to carry real- 
time information, for example video or audio information, or other information, such as 
computer data. 
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The device is provided wife means for scanning a track on the record carrier 
11, which means include a drive unit 21 for rotating the record carrier 11, a head 22, a servo 
unit 25 for positioning Ihe head 22 on the track and a control unit 20. The head 22 comprises 
an optical system of a known type for generating a radiation beam guided through optical 
elements focused to a radiation spot on a track of the information layer of the record carrier. 
The radiation beam is generated by a radiation source, e.g. a laser diode. The head comprises 
a lens 24, and a lens actuator 35 coupled to an air gap servo controller in the servo unit 25 for 
positioning the lens at a near field distance 23 from the surfece of the record carrier 1 1 . A 
detailed example of optical elements in the head is shown in Figure 2. According to the 
invention the air gap servo includes a air-gap controller 32, which may include a reference 
generator 34 for a hand-over mode. The air gap controller has an approach mode for bringing 
the lens from a remote distance to the near field distance by providing an increasing 
periodical excitation signal to the lens actuator for generating a sequence of approach instants 
at which the lens approaches the surfece. At the approach instants the lens has substantially 
zero velocity in a direction perpendicular to the surfece of the record carrier. The sequence of 
approach instants brings the lens subsequently closer to the surfece. Finally, when the lens is 
within the near field distance at one of the approach instants, the air gap controller switches 
to a closed loop mode. Switching from the open loop approach mode to the closed loop mode 
may be performed in a hand-over mode, during which reference trajectories for position, 
and/or speed and acceleration of the lens are generated by the reference generator 34. 
Embodiments of the air gap servo system and elements are described and shown below in 
detail. 

The head further comprises (not shown) a focusing actuator for focusing the 
beam to create the radiation spot on the track by moving the focus of the radiation beam 
along the optical axis of said beam, and a tracking actuator for fine positioning of the spot in 
a radial direction on the center of the track. The tracking actuator may comprise coils and 
permanent magnets for radially moving an optical element or may alternatively be arranged 
for changing the angle of a reflecting element. For reading the radiation reflected by the 
information layer is detected by a detector of a usual type, e.g. a four-quadrant diode, in the 
head 22 for generating detector signals, including a main scanning signal 33 and sub-detector 
signals for tracking and focusing. A front-end unit 31 is coupled to the head 22 for receiving 
the detector signals based on radiation reflected from the track. The main scanning signal 33 
is processed by read processing unit 30 of a usual type including a demodulator, deformatter 
and output unit to retrieve the information. 
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The control unit 20 controls the recording and retrieving of information and 
may be arranged for receiving commands from a user or from a host computer. The control 
unit 20 is connected via control lines 26, e.g. a system bus, to the other units in the device. 
The control unit 20 comprises control circuitry, for example a microprocessor, a program 
memory and interfaces for performing the procedures and fonctions as described below. The 
control unit 20 may also be implemented as a state machine in logic circuits. 

The device may be provided with recording means for recording information 
on record carriers of a writable or re-writable type. The recording means cooperate with the 
head 22 and front-end unit 31 for generating a write beam of radiation, and comprise write 
processing means for processing the input information to generate a write signal to drive the 
head 22, which write processing means comprise an input unit 27, a formatter 28 and a 
modulator 29. For writing information the power of the beam of radiation is controlled by 
modulator 29 to create optically detectable marks in the recording layer. 

In an embodiment the input unit 27 comprises compression means for input 
15 signals such as analog audio and/or video, or digital uncompressed audio/video. Suitable 
compression means are described for video in the MPEG standards, MPEG-1 is defined in 
ISO/IEC 1 1 172 and MPEG-2 is defined in ISO/IEC 13818. The input signal may 
alternatively be already encoded according to such standards. 

Figure 2 shows a schematic diagram of elements in a head for near field 
20 optical recording. The schematic diagram provides an example of a near-field optical player 
setup used for readout experiments. In the experimental player a conventional DVD actuator 
is used for air gap control and tracking in which a special near field lens is mounted having a 
numerical aperture NA = 1.9. In the Figure PBS = Polarizing beam-splitter; NBS = Non- 
polarizing beam-splitter; and X/2 = half-wave plate. The set-up consists of a main branch 
comprising a blue-violet laser 40 and collimator lens, beam shaping optics 41, two beam- 
splitters and a telescope 42 for focus adjustment of the NA=1.9 lens 43. The left side branch 
in the Figure contains a photodiode 44 for detection of the RF central aperture signal that 
contains the data information and is polarized parallel to the main beam. In the same branch a 
split detector 45 is positioned to generate a push-pull tracking error signal. Moreover, for the 
30 experimental set-up only, a CCD camera 46 is included to observe the irradiance pattern at 
the exit pupil. A half-wave plate X/2 is used to control the amount of light that the PBS splits 
and directs towards the RF detector and the push pull detector, respectively. 

The second branch on the right side of the Figure is used to generate the error 
signal for air gap control. In near field optical disk systems, the SEL lens 43 needs to be 



25 
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positioned within the evanescent decay distance from the disk. In our set-up Ihe SIL to disk 
distance is typically 25 ran. To allow air gap control with a mechanical actuator at such small 
distances, a suitable error signal is required. As described in doc[l] and doc[2], a linear signal 
that is suitable as a gap error signal (GES) can be obtained from the reflected light with a 
5 polarization state perpendicular to that of the main beam that is focused on the disk. A 

significant fraction of the light becomes elliptically polarized after reflection at the SIL-air- 
disk interfaces: this effect creates the well-known Maltese cross when the reflected light is 
observed through a polarizer. By integrating all the light of this Maltese cross using 
polarizing optics and a single photodetector 47, a so-called "RF ± pol" signal is obtained, and 
10 a gap error signal GES is generated from the "RF J_ pol" signal. 

Figure 3 shows calculated reflection curves of the gap error signal. The Figure 
is based on simulated GES curves on Si disc with no grooves, and indicates reflection against 
air gap size. A first curve 50 shows the total reflection, a second curve 51 shows reflection 
for the parallel polarization, and a third curve shows reflection for the perpendicular 
15 polarization as a function of Ihe air gap width, each curve showing the result for 1hree NA 
values. The second curve 51 may be used as HF signal 53 for data read-out. The amount of 
the perpendicular polarization state of light reflected at the bottom of the SIL is applied as a 
gap error signal 54 (GES) to control 1he air gap. As shown in the Figure, however, the gap 
error signal is available only in a GES linear range 55 within a near field regime of 

20 approximately 50nm. 

Therefore, a so-called pull-in procedure is required and has been proposed in 
doc[l]. By the pull-in procedure, the optical head approaches the near-field regime from its 
initial far-field position through an open-loop operation, and then the air gap servo system is 
switched into a closed-operation as smooth as possible to avoid any collision of the optical 

25 head with the disc. 

Figure 4 shows a prior art approach method by ramp voltage. In the prior art 
doc[l] a ramp voltage 56 was applied to a biaxial actuator that positions the lens. The left 
graph shows an applied normalized control current versus time, and the right graph shows a 
normalized position 57 and velocity 58 during approaching from a far-field range 72 to a 

30 near-field rage 71 . This leads to a constant approaching velocity at the switching instant 
when air gap servo system starts its closed-loop operation. However, if the air gap servo 
system is digitally implemented, in order to avoid any collision of the optical head with the 
disc at the switching moment, a following condition 59 should be met between the 
approaching velocity, the GES linear range, and the sampling frequency Fs: 
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Velocity < (GES linear range) x (sampling frequency Fs) 
For instance, if the approaching velocity is 5 mm/sec and the sampling period is 20usec, then 
the optical head can fravel lOOnm, which is twice the GES linear range, during one sampling 
period. Therefore, in this case, either the approaching velocity should be made slower or the 
sampling frequency should be made higher. 

Figure 5 shows a pull-in response of the prior art. Curve 61 shows the gap 
reference values for the air gap, and curve 60 shows the response of gap error signal GES. 
When the optical head enters the near-field regime and hence the air gap servo is switched 
into its closed-loop operation, the gap reference for the gap servo loop is not set to its final 
target value (Ref2), but it is gradually lowered to its final value over a fixed time interval 
from tl to t2, which is referred to as 'settling time' 64, while overshoot 63 occurs at tl . In 
this way, the air gap servo system can start its closed-loop operation without colliding of the 
optical head with the disc. However, as was shown in doc[l], there exists a design trade-off 
between the settling time and the overshoot, which can limit the overall pull-in performance. 

Figure 6 shows an air gap servo system having mode-switch control. The 
Figure presents a schematic diagram of a proposed air-gap servo system, including a digital 
controller 65 and an actuator 67. The controller 65 corresponds to the pull-in controller 32 in 
Figure 1, which may includes a hand-over unit 34 corresponding to hand-over controller 69. 
Finally a closed loop operation is performed by air gap controller 70. The air gap servo 
system can be referred to as mode-switching control because the three different control 
structures are, depending upon the operating condition, switched from one to another during 
the whole servo action by a state machine 66. Precisely speaking, an approach control 68 is to 
move the optical head from its initial far-field position into the near-field regime where the 
linear GES is detected; the hand-over control 69 is to achieve a smooth and fast transient 
response during the switching from the open-loop approach control into the final closed-loop 
air gap regulating control; and finally the air-gap control 70 is to maintain the air-gap around 
a fixed target air gap. Here, the pull-in procedure is defined as the combination of the 
approach control and the hand-over control. 

Now, the new pull-in procedure will be explained. First, in the approach 
control mode, instead of the ramp signal as in the prior art, a sinusoidal signal with its 
amplitude increasing over time is applied to the actuator as shown in figure 5(a). Assuming 
that the actuator is modeled as a 2 nd order mass-damping-spring system, we see that me 
corresponding position and velocity behaviors are also sinusoidal with the amplitude 
increasing over time. 
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Figure 7 shows an approach method according to the invention. The left graph 
shows an applied increasing periodical signal 73 as normalized current versus time, and the 
right graph shows a normalized position 74 and velocity 75 during approaching from a far- 
field range 72 to a near-field range 71. This leads to a sequence of approach instants such as 
first approach instant 77 where the near-field region is just entered for the first time, and a 
periodic approaching velocity 75 having about zero speed at the approach instants. In 
particular the velocity is substantially zero at said first approach instant 77 as indicated by 
arrow 76, at which switching the air gap servo system to the closed-loop operation may be 
performed. Hence, as is shown in the Figure, at some point in time t = t* the positive peak 
10 position of the optical head starts to enter the near-field regime. Therefore, if the mode 

switching, from the open-loop approach control into the closed-loop or hand-over control, 
occurs at t = t n , the velocity of the optical head is kept zero at the switching instant. Thereby 
the overshoot is significantly reduced in the transient responses at the switching moment 
even with relatively low sampling frequency. 
! 5 In an embodiment, when the optical head moves into a near field position and 

the gap error signal is available, the air gap servo system is switched into the closed-loop 
control operation via a hand-over control. The gap reference for the gap servo loop is not set 
to its final target value Ref2, but is generated by a reference generator to provide a smooth 
trajectory from an initial reference Refl to the final target air gap distance Re£2. 
20 Figure 8 shows a reference generator. The transfer function representation 

from the target gap value Ref2 to the position output y d of the reference generator is given by 

_ " - - ~ 
Y (s) J p -|Ref2(s) 

3 | 

RSWR WSKW SSSSS 5SSW SMW K5S9* 

25 

Thereby, the actual gap reference y d is smoothly lowered from the starting value Refl 
towards its final target value Ref2. In the Figure the new setpoint value Ref2 is input to a 
control loop containing a gain unit 81, and a second gain unit 82 coupled to a sum unit for 
generating an acceleration output 3d , which is coupled to a first integrator 83 to generate a 
30 velocity output v d , which is coupled to a second integrator 84 to generate a position output y d 
. The first and second integrator are set by starting values v d (0) and y d (0) respectively. 

Figure 9 shows reference trajectories. A first curve 91 shows the reference 
position y d , a second curve 92 shows the reference velocity v d , and a third curve shows a 
reference acceleration a* During a settling time 94 the target distance is smoothly transferred 
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from a first value Refl to a second, usually final value Re£2. Note that the settling time 94 
and the overshoot of the gap reference is determined by the gains of the reference generator. 
In addition, the reference generator provides the velocity and the acceleration reference 
trajectories, v d and a d respectively, for a tracking controller in a hand-over controller. 

Figure 10 shows a diagram of a hand-over controller based on two degree-of- 
freedom control. A controller unit 101 generates a control signal u, to the actuator 67 based 
on the gap error signal GES in a closed loop mode. Gain units indicating various tracking 
gains for the closed loop mode are configured as usual in a servo controller based on 
proportional and differential control. In a hand-over mode the tracking control unit is 
provided with the values y d , v d , and a^as generated by the reference generator to additionally 
provide the position, velocity and acceleration values in the tracking controller. The way of 
controlling is called a two degree-of-freedom (2-DOF) control because, in this case, the gains 
of the reference generator determines the settling time of me gap reference whereas the gains 
of the tracking controller determines the overshoot, or the transient behavior, at the switching 
instant from the open-loop into the closed-loop operation. Therefore, the two design criteria, 
the settling time and the overshoot, can be designed independently of each other. Figure 1 1 
shows simulated pull-in responses for various reference trajectories with different settling 
times. A left graph shows a reference 1 1 1 and response 1 12 for a settling time of 20msec, the 
mid graph a response 1 14 for 10msec and the right graph a response 1 15 for 5msec. It can be 
observed that the overshoot 1 13 is substantially equal while the settling time is different. 
Further details of the 2-DOF technique can, for example, be found in G. Franklin, J. Powell, 
and A. Emami-Naeini, Feedback Control of Dynamic Systems, 4 th Ed. Prentice-Hall, 2002. 

Figure 12 shows a schematic diagram of the final air-gap control. A controller 
of the PID type (proportional, integrating and differentiating nature) is switched into 
operation when the GES is close to the target gap value (Ref2). Basically it is a standard PID 
controller, but it can also be any other control method to regulate the air gap around the target 
gap. Note that the integrator 121 has been added with respect to Figure 10. 

Figure 13 shows the measurement result of the transient responses from the 
proposed pull-in procedure. A first curve 136 represent the gap error signal GES, a second 
curve 137 represents the reference and a third curve 138 is mode, e.g. the output of the state- 
machine, which determines the mode of Ihe controller depending on the operating condition. 
A first mode 131 is the approach mode, a second mode is the hand-over mode 132, and the 
final state is the closed loop air gap control 133. As can be seen in the figure, the optical head 
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can successfully settle down to the target gap 135 of 33nm from its initial far-field position, 
via a first reference 134 at 50 nm, without colliding with the disc. 

The effect of the new pull-in method in the air gap servo is that the amplitude- 
increasing sinusoidal signal has been applied to the actuator when the optical head 
approaches the near-field regime from its far-field regime. This results in a zero velocity 
when the air-gap servo system starts its closed-loop operation. As a result, the overshoot at 
the switching instant can be greatly reduced with a relatively low sampling frequency. 

Additionally the 2 degree-of-freedom (DOF) control technique has been 
applied for the hand-over control to relax the design constraints between the overshoot and 
the settling time. As a result, the pull-in performance can be significantly improved. 

Figure 14 shows a measurement of transient responses in closed-loop 
operation of the servo. The gap error signal 140 is shown when the target air gap distance is 
set at a first setpoint 141 at value 33 nm, and subsequently at a second setpoint 142 at value 
24nm. The Figure shows that, once the air gap servo is in lock, or in the closed-loop 
operation, 1hen changing its gap to a different value can be done without any overshoot at all. 
This suggests a sort of two-step pull-in procedure to increase a safety margin against the head 
collision with the disc. In an embodiment the air gap is lowered via such a series of set 
points. Namely, the first target gap (33nm in Figure 13, for instance) for the hand-over 
control is much higher than the actually required target gap (24nm in Figure 14). Once the 
servo is in lock around the first target gap, then it finally moves to the final required target 
gap in a safe way. It is to be noted that the multi step lowering of the gap distance is 
performed in the closed loop mode, i.e. while the scanning system is already in lock and 
operational for reading or writing data. This is different from the hand-over mode, wherein 
the first reference is at the verge of the near-field region, e.g. just where the GES signal 
becomes available, and the second reference is the working near-field distance. 

Finally it is noted that the key to 1he sinusoidal excitation for the approach 
control is to generate an increasing periodical signal. This may be achieved by modulating an 
increasing signal, which for example is a ramp signal, with a sinusoidal signal. The purpose 
of the periodical element is to guarantee that the optical head velocity is zero or very small 
when the head reaches the near-field regime. Under this same rationale, various embodiments 
for the actual implementation are possible. 

Figure 15 shows various embodiments of an increasing periodical excitation 
signal. Figure 15A shows a slightly increasing amplitude periodical signal superposed on a 
ramp. Fig 15B shows a strongly increasing amplitude sinusoidal signal superposed on a 
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ramp. Yet another possibility is presented in Figure 15C, in which a low-pass filtered 
staircase signal is applied to the actuator. In each of the Figures the left graph shows a 
normalized control current, and the right graph shows the normalized position (upper curve) 
and velocity (lower curve), the velocity being substantially zero at the approach instants 
where the lens is near to the surface. 

Note the practical consideration that, in all of the embodiments, the frequency 
of the excitation input signal should be chosen well below the resonance frequency of the 
underlying actuator to avoid the undesirable resonant oscillation during fhe approach control. 
Furthermore, the increment of the actuator position between each of the approach instants, 
which is for instance denoted by Ay in Figure 15A, should be smaller than the GES linear' 
range. 

Although the invention has been mainly explained by embodiments of the air 
gap servo applied to the specific near field optical recording system as described in doc[l] 
and doc[2], the invention is also suitable for olher record carrier and head systems that need a 
small air gap between any lens and record carrier surface, such as rectangular optical cards, 
magneto-optical discs or any other type of information storage system, or a near-field 
scanning microscope system. Hence the words "near-field optical recording" include any 
such system. It is noted, that in this document the word 'comprising' does not exclude the 
presence of other elements or steps than those listed and the word 'a' or 'an' preceding an 
element does not exclude the presence of a plurality of such elements, that any reference 
signs do not limit the scope of the claims, that the invention may be implemented by means 
of both hardware and software, and that several 'means' or 'units' may be represented by the 
same item of hardware or software. Further, the scope of the invention is not limited to the 
embodiments, and the invention lies in each and every novel feature or combination of 
25 features described above. 
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CLAIMS: 



I Device for near field optical recording, information being represented by 

marks in a track on a record carrier (1 1), 
the device comprising 

- a head (22) including a lens to be positioned by a lens actuator at a near field distance from 
5 a surface of the record carrier for generating a scanning spot on the track, and 

- an air gap controller (65) for controlling an air gap between the lens and the surface, which 
air gap controller has an approach mode for bringing the lens fiom a remote distance to the 
near field distance by 

- providing an increasing periodical excitation signal to the lens actuator for generating a 
1 0 sequence of approach instants at which the lens approaches the surfece, the lens at the 

approach instants having substantially zero velocity in a direction perpendicular to the 
surfece, and the sequence of approach instants bringing the lens subsequently closer to the 
surfece, and 

- switching the air gap controller (65) to a closed loop mode when the lens is within the near 
1 5 field distance (55) at one of the approach instants. 

2. Device as claimed in claim 1 , wherein the increasing periodical excitation 

signal comprises a sinusoidal signal. 

20 3. Device as claimed in claim 1 or 2, wherein the increasing periodical excitation 

signal comprises a periodical signal of increasing amplitude. 

4 Device as claimed in claim 1 or 2, wherein the increasing periodical excitation 

signal comprises a ramp component. 



5_ Device as claimed in claim 1 , wherein the increasing periodical excitation 

signal comprises a low-pass filtered staircase component. 
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6. Device as claimed in claim 1, wherein the air gap controller (65) comprises a 
reference generator (80) for, in a hand-over mode, providing a reference near field distance 
changing from a first target near field distance to a second, lower target near field distance 
via a transfer function. 

5 

7. Device as claimed in claim 6, wherein the reference generator is for providing 
reference values to a controller unit (101,120) based on a two degree of freedom control 
technique in said hand-over mode. 

10 8 - Pull-in method for bringing a lens from a remote distance to a near field 

distance from a surface of a record carrier (1 1) for use in near field optical recording, 
information being represented by marks in a track on the record carrier to be scanned via a 
head (22) including the lens, the method comprising 

- providing an increasing periodical excitation to a lens actuator for generating a sequence of 
1 5 approach instants at which the lens approaches the surfece, the lens at the approach instants 

having substantially zero velocity in a direction perpendicular to the surface, and the 
sequence of approach instants bringing the lens subsequently closer to the surface, 

- detecting when the lens is within the near field distance at one of the approach instants, and 
subsequently 

20 - switching an air gap servo system to a closed loop mode. 

9. Method as claimed in claim 8, wherein the increasing periodical excitation 

comprises a sinusoidal signal of increasing amplitude. 
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ABSTRACT: 



A device reads and/or records marks in a track on a record carrier via near 
field optical recording. The device has a head including a lens to be positioned at a near field 
distance from a surface of the record carrier. An air gap controller is for controlling an air gap 
between the lens and the surface, and has an approach mode for bringing the lens from a 

5 remote distance in the far field (72) to the near field distance. Thereto the controller provides 
an increasing periodical excitation signal (73) for generating a sequence of approach instants 
(77) at which the lens approaches the surface. At the approach instants the lens has 
substantially zero velocity (76). The sequence of approach instants brings the lens 
subsequently closer to the surface. When the lens enters in the near field range (71) at one of 

10 the approach instants (77), the air gap controller is switched to closed loop mode. 

Figure 7. 
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